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I. iiiTRonrcTiou. 
I The problem under consideration in this thesis is an 
1 
! 
j extension of certain principles v/hich have been evolved in 
i 
i this laboratory, during a study of the sv/elling of gluten 
; 
I in the presence of aroraonium chloride. Faliner, llelson, and 
/ r. 
Sherwood have shown that the concentration of anmonium 
chloride optimua for the grov;th of yeast is the sane as 
that in v/hich wheat gluten is the least sv/ollen. The higher 
the temperature, the greater the concentration of amonium 
i salt required. At all temperatures studied, 21*^, 30°, 35°, 
40°, 42°, 43° C., the concentration of aranoni-uiii salt, opti­
mum for the growth of yeast, was found to coincide with the 
concentration of the salt in which the protein, wheat glu-
! 
I ten, was the least swollen. Since wheat gluten is one of 
I the most important proteins in wheat flour and investigators 
I on the baking qualities of flour have tried to correlate the 
swelling of gluten with the strength of flour, it seemed 
worth while to malce a study of the swelling of gluten in 
acids, making use of the principles previously developed in 
1 this laboratory. 
A search of the literature on gluten revealed the fact 
that the effect of temperature on the swelling of gluten has 
not been adequately investigated. In fact in some of the 
investigations it is doubtful whether temperature had been 
controlled at all. 
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II. REVm/ OF THE LITERATUEE. 
A review of the literature on the swelling of gluten, 
shows that V/oo5^®»^^ V/ood and Herciy^^, were the first to 
apply the methods of physical chemistry to a study of the 
problem. They adopted the method used by Hofmeister^^, in 
his study on emulsoid colloids. Wood and Hardy suspended 
strings of gluten across V-shaped glass rods and immersed 
them in various solutions. They found that gluten in dis­
tilled water retained its coherence, but gluten in 0.001 N 
hydrochloric acid dispersed, the rate of dispersion increas­
ing as the concentration of the acid increased up to about 
0.003 N. Higher concentrations of acid caused the gluten to 
become more coherent. In phosphoric and oxalic acids, the 
gluten dispersed even more rapidly than it did in hydrochlor­
ic acid. 
Upson and Gelvin^^»^*' used a more exact method in study­
ing the effects of acids on gluten swelling. They cut disks 
from gluten and found that they obtained a maximum absorp­
tion, determined by weighing the gluten before and after 
swelling, with 0.005 IT hydrochloric acid, 0.01-0.02 U lactic 
acid, and 0.02 N acetic acid. The swelling being greatest 
in acetic, less in lactic, and nearly as great in hydrochlor­
ic acid as in lactic acid. 
Gortner and Poherty'', using the method of Upson and 
Calvin, tried to determine the difference between strong and. 
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weaj£ flour throu^ a study of the various ^utens. Sharp 
end Gortner^^, continuing the work of Gortner and Uoherty, 
found that in various concentrations of hydrochloric and 
lactic acid, as well as in potassium, sodium, barium, cal­
cium, and anmonium hydroxides, gluten from strong flour had 
a much higher rate of imbihition than that of weak flour. 
The hydrogen ion concentration at which they obtained the 
maximum imbibition, pH 3-25-2.35, wes practically the same 
for all of the acids investigated. They state, "i^rying the 
gluten, washed from different flours, in a vacuum oven at 
45-50° C. markedly altered the physical chemical properties 
of the gluten, the properties of the different glutens stud­
ied becoming more alike". 
Balland^, in this same connection, states that gluten 
dried in air recovers its weight and elasticity when placed 
in water, but moist gluten dried at 100® C. and then placed 
in water absorbs part of the water lost, but does not regain 
its elasticity. 
Other investigators have studied the problem from dif­
ferent angles and in general their findings are in accord 
with those put forv/ard by Gortner and his collaborators. 
Among the methods that have been used are: the study of 
changes in viscosity produced by addition of acids to flour 
and water suspensions®*^^, and the resistance to the stir­
ring of doughs as influenced by various acids^^. V/hether 
I the changes in viscosity or the resistance to stirring 
are directly comparable to swelling, as determined by the 
' 
gravimetric method, is a question. According to Leurs and 
I Schneider^^, all the methods mentioned give the same result. 
I Hecently, however, Alsberg^ has said, ^ 'Fuller understanding 
I  
! of the water capacities of flours can hardly come until ac-
i I 
j curate methods ere used to determine dough texture. X'ough 
i 
I is not viscous as this term is applied to liquids. It is 
I 
j more properly termed plastic. The laws of plastic flov/ are 
I not the seme as those of viscous flow" If this is true, it 
is altogether probable that different investigators are 
! studying entirely different properties of gluten and flour, 
and it is remarkable that their findings should be in such 
I close agreement. 
adhere is nothing in the literature, on the effect of 
I temperature on the rate of hydration of gluten with differ-
i 
i ent acids. Hofflnan and Gortner^^, in their studies on the 
j acid binding qualities of various proteins, have varied 
temperature. They find a negative temperature coefficient 
was obtained when the experiments on the binding of hydro­
chloric acid and sodium hydroxide were carried out at 15®, 
E5°, end 35° C. and when the final pH was more than pF 2.5 
and the OH ion concentration was more than pH 10.5. The 
ratio was approximately 1:2;S, when the amount bound at 35® 
is 1. They, however, give no data on hydration. 
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Freundlich^ reports the work of iJimetrievics and Heinke 
in which they founci no partieuler relation of the rnExinmm 
swelling of pecs to temperature. 
Lichv/ita and Henner^^ inveetigatea the swelling of mus­
cle and kidney tissue in Singer's solution at various temp­
eratures and found that the rate of swelling was markedly 
influenced by temperature. Swelling being most rapid at the 
higher temperature. With kidneys they found that different 
parts had different rates of swelling. 
Haubeniesser and Schonfeld° in their work on the swell­
ing of beef tissue, show that beef tissue has a lower swell­
ing maximum with increase in temperature and also that the 
speed is less at higher temperatures. 
Ilun^^ has reviewed the work of Haubenisser and Schon-
feld on the swelling of cartilage in dinger's solution end 
attempted to show the mathematical relationship between 
swelling and temperature. 
Chick and Lubizynska^''' studied the effect of tempera­
ture on viscosity of pure egg elb^lmin. They find that in 
dilute solutions temperature had little effect on viscosity 
end only v/hen the albumin reached the high figure of 28% was 
temperature found to have a marked influence. 
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III. STATSIEnT OF PROBLM. 
The object oi the work presented "by the author is to 
determine, if possible, what effect tine, temperatirre, and 
concentration have on the swelling of v;et and dry gluten in 
nitric, hydrochloric, sulfuric, phosphoric, oxalic, lactic, 
acetic, tartaric, and citric acid. 
IV. laATERIALS AIIB IIETHODS. 
The gluten used in this investigation was made from 
Kelly's Famous Flour, manufactured by the Wm. Kelly Hilling 
Company of Hutchinson, Kansas, 
The wet gluten v/as made after the directions given by 
7 Grortner ; E50 grans of flotir were made into a stiff dou^i 
v/ith 150 cc. of distilled water. The dough v;as immersed 
in distilled v/ater at room temperature and allovred to re-
raain there for thirty minutes, when it xvas washed v;ith dis­
tilled water until the gluten vr&s free from starch. The 
gluten was pressed between glass plates to a thiclaiess of 
about 5 mm. and cut with a corJc borer into disks one half 
inch in diameter. The disl-ts so prepared were exceptionally 
xmiform in si'^e, shape, and weight. They were placed in 
conductivity water, at the temperature of the experiment, 
and allowed to remain for thirty minutes, removed, allowed 
to drain, v/eighed, and placed in the acid solution to be 
investigated. 
i 
1 
i 
The iTiethod used in determining the emount of water | 
imbibed by the gluten is Biiriil&r to that used by Gortner end 
DohertjT?. To aid, however, in the miinipulaticn, there WEB 
devised a small glass stirrup which supported the small per­
forated button of a Gooch crucible. The stirrup serves es a 
hcndle by means of which the gluten could be very neetly re­
moved from the solution and weighed. This proved to be c 
s-reat advantage. By the usual method it wes necessary to 
"fish out" the gluten with tweezers. The blob of gluten 
would sometiraes break and fall bsck into the solution, with 
the probcble result that part of the gluten could not be re­
covered and weighed. 
In detail the method was as follows: the stirrup, com­
plete with button, was immersed in the acid solution to be 
used, it was then removed and allowed to drain for five min­
utes in an atmosphere saturated with water vapor, at the 
tempereture of the acids. It was then weighed, the weighed 
gluten placed on the small perforated plate, ano the whole 
placed in the acid under investigation. At the end of the 
desired time the stirrup and gluten were removed, allowed to 
drain for five minutes, as before, and the hydration deter­
mined by weighing. The hydration was then expressed as grams 
of water imbibed per gram of moist gluten. 
The dry gluten was made from the same flour. Fifty 
pounds of flour were mixed with enough distilled water, to 
make a thin dough. This mixture was placed in a small knead­
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ing rnecMne and washed with distilled water until the glu­
ten v/as entirely free from starch. The gluten pressed be­
tween glass plates to a thickness of 5 mm. and cut into 
small disks. The disks were placed on a glass plate and 
dried in a vacmim oven for 18 hours at 40° C. under a El 
inch vacuum. At the end of 18 hours the temperature was 
gradually raised so that after PA hours the temperature 
was 60° C. The dried gluten was then ground and graded 
so that only gluten of 30-40 raesh was used in the experi­
ments. 
O.ft grams of dry ground gluten were placed in a 
weighed Gooch crucible, which had been previously moist­
ened with the indicated acid, so that the asbestos con­
tained the same amount of absorbed acid it would in the 
subsequent weighings. After weighing, the Oooch crucible 
wos placed in a beaker containing 50 cc. of the indicated 
scid and the besker covered with a watch glass to prevent 
evaporation. At the desired time the Gooch erucible was 
removed and the excess acid drained off, using slight suc­
tion until the presence of air bubbles on the bottom indi­
cated that all the excess acid had been removed. The cru­
cible was then wiped and weighed, each weighing being com­
pleted in approximately one minute in order to make the 
evaporation factor const8.nt. The draining required less 
than one minute so that there was little evaporation and 
only a small change in temperature during the entire opera­
-9-
tion. Since the total amount of water absorbed was large, 
amounting to fran six to seven times the weight of the glu­
ten in some ceses, the error introduced due to evaporation 
and change in temperature was considered negligible. The 
only large error was that encountered in some cases of enor­
mous hydration, when the gluten became fluid and cohesion 
resulted, so that it was difficult to remove all of the sur­
plus acid. Another error was that encountered when the glu­
ten remained in the acid for long periods of time and the 
temperature was favorable for bacterial growth. 
The temperature in all cases was maintained constant by 
means of a water bath. 
The pH of all solutions was determined with a Leeds and 
ITorthrup Company Student potentiometer, using a saturated 
i 
I potassium chloride calomel half cell and a Bailey electrode. 
The Bailey electrode was used because only small quantities 
of liquid were required and because of the fact that it is 
I more rapid in action than the Hildebrand electrode. Ten cc., 
i 
i of the acid whose pH was desired, were removed and an equal 
i quantity of fresh acid was then supplied to the beaker con-
I taining the gluten so that the volume of the system remained 
I constant. 
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V. EXPERBIEIITAL RESULTS. 
The acids studied may he divided into two classes, 
based upon their effect upon the swelling of dry gluten, 
I 
Those wliich produce a more or less sharp optinum, that is, 
there is one concentration of acid which has a pronounced 
positive effect upon the swelling of gluten. And secondly 
those which have a broad optimum, in which various concen­
trations of acid produce similar sv^elling. Acids of the 
first type with a more or less sharp optimum are nitric, 
hydrochloric, oxalic, and phosphoric acids. Those which 
have a decidedly broad optimum are acetic, tartaric, citric, 
and lactic acids. Sulfuric acid is indefinite and will be 
1 discussed by itself. 
A, Discussion of Acids of the First Group. {Those with 
a more or less sharp optimum). 
(1) Kitric Acid. 
In Tables I, II, III, IV, and 7 and VI, thore is given 
the complete data for the swelling of both vret and dry glu­
ten in nitric acid at 20°, 25°, 30°, S5°, and 40° and at 
various times. 
The graphs 1, 2, 3, 4, 5, and 6 shov; the relationship 
of swelling to concentration. Koriiialities being plotted as 
abscissa and sv^elling as ordinates. 
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Table VII shows the concentration of licid required to 
produce maximum swelling, of wet and dry gluten, ct differ­
ent temperatures and times. 
At 20°, at one hour, dry gluten swells the most in acid 
0.012-0.02 N, pH 1.9B-1.7fc. With time there is a decided 
shift to the lower concentrations, BO thet at la hours glu­
ten swells most in acid 0.004-0.008 I?, pH 2.82-2.36, which 
is practically the seme concentration in which wet gluten 
swells the most in one hour. 
I  
At 25®, at one hour, dry gluten swells most in acid 
0.01-0.016 If, pR 2.08-1.8S. At 12 hours dry gluten swells 
most in 0.004-0.008 N, pH 2.62-2.27, which is practically the 
same as v/ith wet gluten in one hour. 
A glance at the graphs for the other temper&tures shows 
J  
that in all cases it is evident that v/et gluten reaches equi­
librium eerly, but with time dry gluten will approach this 
' stme equilibrium. V/ith increase in temperature a lower con­
centration of ecid is required to produce optimiim swelling. 
V.'ith wet gluten, et 20° C., optimum swelling occurs in 0.004-
0.C06 IT. At 40° C., sltho the optimum is very broad, 0.002 U 
will produce pr&ctically the same degree of swelling as the 
higher concentrations studied. 
v/ith dry gluten the change from a higher to a lower con­
centration with temperature is not so evident. With increase 
in temporeture, the optimum normality required becomes more 
pronounced and definite, but stays the same. 
TABLE I. 
SV/ELLIKG OF WET GLUTEN IN NITRIC ACID. 
Hyarstion { Sw) is expreseeci as grams of water imbibed per gram of wet gluten. 
pHi is the initial pH. 
20° C. 25° C. 20° C. 35° C. 
o
 o
 C. 
N Sw pHi Sw pHi Sw pHi Sw pHl Sw pHi 
HgO 0.43 4.25 0.42 4 .05 0.31 4.6 0.02 5.57 0.09 5.1 
0005 0.05 3.42 0.5 2.4 0.02 3.5 0.02 3.52 0.10 3.25 
001 0.79 2.96 0.65 2.93 0.82 3.06 1.81 3.22 0.14 2.82 
002 1.6 2.76 0.89 2.7 1.07 2.55 1.87 2.78 0.26 2.55 
004 1.87 2.42 1.25 2.48 1.0 2.8 1.26 2.45 0.29 2.27 
006 1.93 2.3 1.50 2.29 1.20 2.4 1.74 2 .33 0.34 2.07 
008 1.L8 2.21 1.50 2.17 0.99 2.55 2.14 2.14 0.26 2.05 
01 1.63 2.06 1.51 2.08 1.16 2.18 1.58 2.1 0.16 1.85 
012 1.8 1.9 8 1.45 1.95 1.25 2.09 1.78 2.0 0.27 1.85 
014 1.24 1.95 1.49 1.9 1.17 2.02 1.53 1.99 0.30 1.8 
016 1.45 1.8 1.26 1.83 0.90 1.9 1.2 1.82 0.23 1.65 
018 0.97 1.8 1.13 1.83 0.98 1.89 1.41 1.8 0.26 1.65 
02 1.1 1.75 1.15 1.78 1.28 1.86 1.16 1.8 0.18 1.5 
025 0.74 1.7 1.0 1.7 1.49 1.8 0.98 1.72 0.06 1.5 
03 0.98 1.65 0.75 
hi 
1.62 0.79 1.7 1.22 1.62 0.02 
TABLE II. 
SWELLING 0]? DRY GLUTJSN IN NITRIC /.CID. 
Eydration (Sw) expressed as grams of water imbibed per gram of dry gluten. 
pHi is initial pH. 
pHg is final pH. 
20° C. 
n 1 hr. 2 hr. 5 hr. : 8 hr. 12 hr. 
PHI Sw pHp. Sw PH2 Sw PK2 ; Sw pHg Sw pH2 
IlgO 4.25 1.48 4.96 1.46 5.0 1.41 5.06 : 1.49 5.16 1.33 5.2 
0005 ?5.42 1.92 S.56 1.92 3.86 1.91 3.95 : 1.73 3.98 1.58 3.48 
001 2.96 2.74 2.12 2.59 3.38 2.16 3.52 : 3.07 3.56 2.66 3.6 
002 2.76 1.9B 2.86 2.12 2.98 2.35 3.02 ; 2.96 3.14 3.60 3.05 
004 2.42 2.24 2.54 2.29 2.65 3.40 2.78 : 4.60 2.80 4.76 2.82 
006 2.50 2.22 2.36 3.37 2.42 3.50 . L'4 : 4.36 2.56 4.78 2.5 
008 2 .21 2. £6 2.25 3.27 2.37 3.81 2.38 : 5.14 2.38 4.99 2.36 
01 2.06 2.27 2.19 3.29 2.24 3.79 2.3 : 3.27 2.34 3.2 2.36 
018 1.98 2.74 2.0 3.53 2.16 3.27 2.18 : 2.90 2.20 2.01 2.2 
014 1.9& 2.62 2.0 3.05 2.08 2.75 2.12 : 2.55 2.18 2.36 2 .08 
016 1.8 2.56 1.86 2.82 1.92 2.24 1.96 : 2.10 2.0 2.05 2.0 
018 1.8 2.78 1.8B 3 .02 1.9 3.21 1.94 : 2.89 1.96 3.18 1.90 
02 1.7b 2.70 1.85 2.66 1.88 2.49 1.9 : 3.82 1.94 3.26 1.9 
025 1.7 2.53 1.8 2.44 1.8 1.98 1.B8 : 2.10 1. fcB l.?7 1.8 
0i5 1.65 2.21 
' 
1.72 1.87 
• 
1.72 1.82 
\ 
1.7 : 1.89 
• 
*• 
• 1.74 1.40 
» 1 1 
1.76 
TABLE III. 
SV/ELLIIIG OP DBY GLUTIOII 111 IJITRIC ACID. 
^fyoration ( Sw) expressen as grjims of w&tcjr imbibed per grtjm of dry gluten. 
PHt  is initial pK. 
pHg is final pH. 
?.Si° n. 
w 1 hr. 2 hr. 
f *./ • 
5 hr. 8 hr. 12 hr. 
pHi Sw pHg Sw PHo Sw pEs ST/ V^2 Sw PH2 
HgO 4.05 1.41 5.1 1.32 5.06 1.39 5.55 1.42 5.21 1.50 5.15 
0005 3.4 1.20 3.57 1. 3.9 1.22 4.02 1.25 3.96 1.31 3.92 
001 2.92 1.46 3.12 1.60 3.4 1.41 3.6 1.62 3.45 1.77 3.2 
002 2.7 1.63 2.83 2.53 3.01 2.48 3.12 2.56 3.1 2.88 3.05 
004 2.48 2.01 2.52 2.53 2.6 3.14 2.8 3.51 2.75 4.56 2.62 
006 2.29 1.92 2.37 2.65 2.45 3.34 2.52 3 .66 2.42 4.83 2.43 
008 2.17 2.39 2.25 3. 2.35 3.73 2.37 4.23 2.30 2.35 2.27 
01 2.08 2.42 2.17 3.31 2.24 3.69 2.3 3.74 2.25 3.98 2.1 
012 1.95 2.76 2 .06 3.43 2.15 3.56 2.2 3.63 2.2 3.86 2.21 
014 1.9 2.64 2. 3.03 2.07 3.25 2.12 S.Ol 2.01 2.97 2.02 
016 1.83 2 .36 1.9 2.78 1.92 2.54 1.97 2.34 1.96 1.93 1.9 
018 1.82 2.32 1.9 2.92 1.92 2.43 1.92 2 .27 1.9 2.10 1.87 
02 1.78 2.36 1.86 2.76 1.86 2.25 
025 1.7 2.34 1.75 2.44 1.8 1.74 1.74 1.71 1.72 1.85 1.67 
OS 1.62 2.26 1.7 2.03 1.69 1.64 1.74 1.53 1.72 1.07 1.67 
TABLE IV. 
SV/ELLIIIG OF DRY GLUTEH IN IJITEIG ACID. 
Hydration ( Sw) expressed as grams of water imbibed per grcun of dry gluten. 
pH-i is initial pH. 
pHg is final pH. 
7,0° Qf 
TI 1 hr. 
1 if 1M' 
2 hr. b hr. 8 hr. 12 hr. 
pHi Sw pHa Svf pH?. iSY/ PH2 Sw PH2 Sw PH2 
HqO 4.6 1.27 5.06 1.44 5.41 1.28 5.67 1.1 b .4 1.18 5.52 
0C05 2.5 1.82 3.76 1.5 4. 1.76 3 .9 1.15 4.05 .95 4.06 
001 2.06 1.26 2.23 1.77 S.46 1.49 3 .57 1.59 3.52 1.87 2.6 
002 2 .55 1.83 2.95 2.06 2.08 2.08 3 .25 2.85 3.15 3.24 2.2 
004 2.8 2.15 2.6 2.66 2.76 3.12 2.88 5.04 2.8 5.90 2.86 
006 2.4 2.34 2.44 3.02 2.5 2.54 2.62 5.54 2.52 5.41 2.55 
008 2 .55 2.81 2.33 2.82 2.47 4.42 2.5 4.5 2.3 4. 2.48 
01 2.18 3. 2.22 2.92 2.35 4.03 2.38 4.13 2.25 3.62 2.16 
012 2.09 2.80 2.2 2.63 2.24 2.52 2.25 3.34 2.15 2.79 2.13 
014 2.02 2.56 2.07 2.09 2.25 2.27 2.15 3.08 2.08 4.42 2.02 
016 1.9 2.7 1.95 2.96 1.98 2,78 2. 2.53 1.95 2.46 1.95 
018 1.89 2.02 1.95 2.89 2.1 2.66 2. 2.23 1.96 2.51 1.92 
02 1.86 2.25 1.92 E.85 2. 2.23 1.98 1.98 1.9 2.16 1.95 
025 1.8 2.68 1.76 2.54 1.89 2.15 1.8 1.94 1.82 1.67 i.e 
02 1.7 2.48 1.75 1.9 1.8 1.92 
» 
1.7 1. 66 1.72 1.51 1,68 
TABLE 7. 
SWELLING OF DRY GLL^EN IN NITRIC ACIP. 
Hydration ( 3v;) expressed ps grams of water imbibecl per gram of dr;/ gluton. 
pHl is initiel pH. 
pHg is fine! pH. 
w 1 hr. 2 hr. 5 nr. 8 hr. 12 hr. 
PH1 Sw pH?. S?; PK2 Sw PH2 Sw PH2 Sv/ pHo 
HsO t.57 1.28 4.22 1.20 4.16 1.21 2.72 .80 5.45 1.22 4.7£ 
0C05 2.52 1.53 2.85 1.41 2 .88 1.74 2.77 1.72 5.46 1.52 4. 
001 3.22 1.75 2.25 1.26 2.2 2.10 2.22 2.59 2.5 2.84 2.22 
OOE 2.78 1.89 2.82 2.20 2.95 2.24 2.9 2.52 2.07 2 .14 2.78 
004 2.45 1.82 2.5 2.67 2.62 2 .42 2.64 4.55 2.7 5.12 2.62 
006 2.S5 2.61 2.41 2.42 2.55 5.05 2 .26 6. 82 2.5 7.85 2 .26 
OOB 2.14 2.85 2.2 2.66 2.25 4.72 2.22 2.78 2.o8 4.12 2.25 
01 2.1 2. SI 2.2 4.52 2.25 4.02 2.12 4.08 2.22 2.54 2.1 
012 2. 2.40 2.05 2.22 2.1 2.66 2. 2.42 2.1 2.52 2.1 
014 1.99 2.41 2.02 2.77 2.05 2.51 1.9 2.9 5 2.02 2.82 1.97 
016 1.82 2.91 1.92 2.44 1.65 2 .74 1.65 2.58 1.87 2.07 1.86 
018 l.B 2.95 1.9 2.99 1.9 2.78 1.72 2.01 1.9 2.90 1.85 
02 1.8 2.81 1.77 2.60 1.86 2.92 1.75 2.72 1.75 2,^ )6 1.8 
025 1.72 2.14 1.6 2.99 1.82 2.86 1.63 2.28 1»68 2.12 1.67 
02 1.62 2.47 
» 
1.55 2.88 1.7 2.02 1.26 1.20 
• 
1.72 1.26 1.62 
TABLE VI. 
S'?/3LLING OF HRY GLUTEN lU NITRIC ACIJ). 
HydTf tlon ( Sv;) ejrpressed as grains of miter imbibed per gxsm of dry gluten. 
PHi is initicl pH. 
pHg is final pH. 
N 1 hr. 9 
V-
hr. 
V ^ 
5 hr. 8 hr. 12 hr. 
pHi Sw P% Sw PH2 Sw PH2 Sw PHg Sw PHE 
HpO 5.1 1.56 4.62 1.5 2.95 1.64 2.56 1.Z7 4.7 1.58 5.5 
0005 2.25 1.62 Z .25 1.42 3.22 1.67 2.75 1.22 4.02 1.59 2.95 
001 2.82 1.68 . PO 3.48 2 .7 1.78 2.37 1.56 2.92 1.25 4.07 
COS 2.55 1.P4 2.67 2.6S 2.9 2.48 2. 5.19 6.29 •M — 
004 S .27 1.97 2.4 S.15 2.5 5.86 2.47 6.47 2.62 8.09 2.57 
006 2 .07 2.26 2.17 Zo2Z 2.18 5.10 2 .2 5.68 2.22 7. 2.25 
008 2 ,Qt 2 .78 2.07 2.88 2.1 4.89 2 .12 5.49 2.1 5.88 2 .05 
01 1.F5 2.41 1.95 S.99 2.15 4.18 2 .07 4.06 2.06 4.50 1.95 
012 1.85 2.66 1.9 3.90 1.97 S.92 1.95 2.56 1.95 4.69 1.86 
014 1.8 S.05 1.8 7.27 1.87 2.09 1.9 2.22 1.9 2.24 1.85 
016 1.65 3.29 1.64 2.94 1.75 2.72 1.7 2.89 1.75 2.57 1.85 
018 1.65 2.41 1.67 2.94 1.75 2.42 1.7 2.60 1.75 £.22 1.72 
02 1.5 2.55 1.65 2.86 1.67 2.48 1.7 E.39 1.68 2.11 1.68 
025 1«5 2.57 1.55 2.2 1.6 2.12 1.5 2.12 1.62 3.11 1.68 
02 
4 II i 
2.48 1.4 2.02 1.47 1.79 1.5 1.29 1.45 1.50 
» 
1.47 
TABLE 711. 
THE pH AIID KORI,!ALITIES OF IIITHIC ACII) REOUIRSD TO PROBUCS MAXII.TUM SV/ELLING OF 
GLUTEI! AT VARIOUS TIMJilS AIH) TEJ.IPERATURBS. 
pHi is initial pH. 
pHg is final pH. 
• 
• 
• 20° 0. 25° C. 30° C. 35° C. 40° C. 
Time: 
PHp Hrs.^: J?. lOHi PHP. pin PHS N PHI pHp N PHi PHp. N pHi 
V/ET aLTTTRTI 
0.004 2.42 4 < 0.006 2.29 • 0.004 2.8 :0.002 2.78 
1 to to 4 1 to to 4 to to to to 
« 0.006 2.Z 0.014 1.9 0.012 2.09 :0.012 2.0 0.002 2. h5 
BRY GLUTEN 
0.012 1.98 2o0 0.01 2.08 2.37 0.01 2,18 2.23 0.014 1.99 2.03 0.014 i.e 1.8 
1 to to to to to to to to to to to to to to to 
O.OP. 1 . 7 B 1 .J3S 0.016 1.8?. 1.9 0. 0|L 8 1.89 1.9& 0.018 1.8 1.9 0.016 1.85 1.64 
0.006 2.2 2.42 0.01 . 2.08 2.24 0.008 2.55 2.45 C.Ol 2.1 2.25 0.008 2.05 2.1 
2 to to to to to to to to to to to to to to to 
n. o i2  1.98 2.16 0.012 1.9r- ?.. 1 o.nip. 2.09 2 . 24 0.014 1.99 2.or> 0.012 1.85 1.97 
0.006 2.2 2.54 0.008 3.17 2 .37 o.coc 2.05 2.5 0.006 2.33 2.36 0.004 2 .22 2.48 
5 to to to to to to to to to 
0-01 2-OR 2.K 0.01 2.08 P, m7l n.noR 2.14 2.23 
0.0C4- 2.42 2.8 0.008 2.17 2.S 0.004 2.8 2.8 0.006 2.33 2.5 0.0 Oi 2.27 8.63 
8 to to to to to to 
O.OOR P. m ?.l 0.006 p. 4 p.  
0.004 2.42 2.82 0.004 2.48 2.62 0.004 2.8 2.86 n.006 2.33 2.36 0.004 2.87 2.58 
12 to to to to to to to to to 
;OfOOB 2.SI  2. .^ 6 0.008 2,3,7 2.27:0.006 2,4 2.55 , • F • . 1 . 1  
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(2) Swelling of \7et end jry Gluten in Eydrochlo-
ric Acid. 
At E0° C. wet gluten swells most in acid O.OCS-0.01 11. 
X'ry gluten, for one lioiir, swells most in acid 0.01-0.08 JI, 
but trt 13 hours dry gluten swells most in eeid 0.004 IT. It 
being evident thi^t with time dry gliiten will exhibit mt.xi-
nnim swelling in the soie concentri.tion required for niaxiKtun 
swelling of v;et gluten. 
/.t 2L° wet gluten s?/ells most in acid 0.004-0.01 K. 
xiry gluten in one hour swells most in Gcid 0.0C8-0.0S 11, 
while et the end of IS hours it swells most in acid 0.015 IT. 
At 50° C., wet gluten swells most in acid 0.004 N. Dry 
gluten in one hour swells most in acid 0.015-0.02 H., while 
et the end of 26 hours es seen in graph 12, it swells most 
in ccid 0.004 TI, which is the sarr.e normslity required to pro­
duce TnaxiL-iurn swelling v/ith wet gluten. 
•t C. wet gluten swells most in acid 0.004- 0.01 JI. 
iJry gluten in one hour swells most in acid O.OE S, and at 
the end of ,12 hours in acid 0.004 If, which is the same as 
that for wet gluten. 
At 40° C. wet gluten swells most in acid 0.004 II. Dry 
gluten in one hour swells most in acid 0.01 IT and et the end 
of 12 hours it swells most in acid 0.004 N, which is the same 
as that required for wet gluten. 
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It is evident tru;t, given time, the swelling of ciry 
gln.ten is like the swelling of v/et gluten. Viith increase 
in temperature the rste of swelling increases, the optimum 
hecomes more pronounced, hut the optirauin is the same re-
g&rulesB of temperature. 
TABLS VIII. 
THE pH AII3 NormlITIES OP HYDROCHLORIC ACID REnUIR.!iD TO PRODUCP] KAXIMUl,! SV/ELLING 
OF GLUTEH AO? VARIOUS TIMES AI® TSMPBRATURES. 
pHl is initial pH. 
pHg is final pH. 
20° C. SB® 0. 30° n. 35® 0. 40° 0. 
Time 
TTre. TJ pH-1 pHp II pHi TOHP JI PHT PHP N PHT PHP H PHT PHP 
1 
0.0 oa 
to 
0.01 
0.004 2.39 
to to 
0.01 2 - 08 
0.004 2-27 
to to 
0.01 2.0 
0.004 2.27 
to to 
0.01 2.0 
0.004 2.45 
DRY GLTJTRW 
1 
0.01 2.12 2.13 
to to to 
0.0?. l.RS l.R 
0.008 2.14 2.2 
to to to 
0.03 1.66 1.64 
0.015 1.88 1.92 
to to to 
0.02 1.7R 1.7 
0.02 1.66 1.68 0.01 2 2.1 
2 
C.008 2.18 2»3 
to to to 
O.Olh 1.94 ?..0 
0.01 2.08 2.25 0.004 2.27 3.37 
to to to 
0.01 2.OR 1.9 5 
0.01 2.0 2.2 
to to to 
0.02 1.66 1.R4 
0.01 2 2.26 
5 
0.004 2.29 2.57 
to to to 
O.nin 1.94 1.9iS 
0.01 2.08 2.3 
to to to 
0.015 1.94 2.05 
0.004 2.27 2.42 
to to to 
0.01 P..0R 2.06 
0.008 2.08 2.25 0.004 2.45 
to to 
O.OOR 2.02 1.95 
8 
0.008 2.18 2.2 0.01 2.08 2.38 
to to to 
0.015 1.94 2.06 
0.004 2.27 2.6 
to to to 
0.01 2.OR 2.17 
0.004 2.27 2.67 0.004 2.45 S.4 
12 
0.004 2.39 2.62 0.015 1.94 2.07 0.004 2.27 2.52 
to to to 
:Of,Ql .2«08 2.12 
0.0C4 2.27 2.55 0.004 2.45 2.55 
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(3) Swelling of V/et end I^ry Gluten in Oxalic Acid. 
At 20° wet gluten swells most in solutions having e 
normality greater than 0.02. ury gluten in one hour swells 
most in solutions 0.04-0.07 IJ, while at the end of 12 hours 
dry gluten swells most in scid O.OE N. 
At 25° wet gluten has its maxirflum swelling in acid O.OE 
II, while dry gluten for one hour swells most in acid 0.07-
0.1 II and at the end of 12 hours in acid 0.04 N. 
At 30° C. v/et gluten swells most in ecid 0.02 DI. Dry 
gluten in one hour swells most in acid 0.02-0.1 while at 
the end of 12 hoiirs it swells most in acid 0.02 R. 
At 35° C. wet gluten swells most in acid having a nor­
mality slightly greater than 0.02. jjry gluten in one hour 
swells most in acid 0.07-0.1 IJ and in IE hours in acid 0.04 
II. 
At 40° 0. wet gluten swells most in acid 0.04 IJ. Dry 
gluten swells most in acid 0.07 il and in 12 hours most in 
r.eid 0.02 II. 
It is evident that with oxalic as with hydrochloric 
acid, given enough time dry gluten will exiaibit maximum 
swelling in the same solution required to produce maximum 
sv;elling i^ath wet gluten. 
TABLE IX. 
THK pK ANU XJOHI.IALITIES OF O.ULIC ACID lUGQUIREiJ TO PRODUCE IvIAXIIvIUlvi SV/ELLIHG 0? 
GLUTIJIJ AT YARIOUS TBiES AI® TEI^PEPu&TUl^ES. 
pHi is initial pH. 
pHg is final pH. 
• • 
?.0° FI. I 0- : 7.0° C. 0. i i 1 
D
 
o
 c 
Time 
Hrs. 
• • 
• • 
TT -nTTi pHy : IJ TDHI "DHP. : TJIII OHP. IT pHi OHP. U tjHI tdHP. 
V/1';T GLUTEN 
1 
O.Oi 2.1 0.02 2.4 0.02 2.45 0.02 1.48 :0.04 2.05 
• 
• 
• 
T)RY GLTTTKN 
1 
O.Cyi 2.1 2.22 
to to to 
0.07 lo7ft 1.97 
0.07 1.9 1.94 
to to to 
0.1 1.6 1.54 
0.02 2.4 2.44 
to to to 
0.1 ?..fi 2.74 
0.07 1.82 1.78 
to to to 
0.1 1.65 1.7?. 
0.07 1.72 1.78 
2 
0.04 2.1 2.2 
to to to 
0.07 1.7fS l.Rfi 
0.07 1.9 1.62 0.02 2.4 2.2 0.04 2.0 2. 08 
to to to 
0.07 1.R2 l.RR 
0.07 1.72 1.88 
. 5 
0.04 2.1 2.2 
to to to 
0.07 1.75 1.91 
0.07 1.9 1.75 0.02 2.4 2.51 0.04 2.0 2.14 0.04 2.05 2.14 
8 
0.02 2.4 2.5 0.04 2 1.75 
to to to 
0. op 2.4 P.. 5 ,, 
0.02 2.4 2.45 0.02 2.45 2.12 
to to to 
0. 04 2.0 • ^' 15 
0.04 2.05 2.15 
12 
0.02 2.4 2.28 0.04 2.0 2.18 0.02 2.4 2.69 0.04 2.0 1.61 
» U 
0.02 2.5 2.63 
to to to 
'0.04 P..05 P.Oft 
Ffirui E 
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(4) Swelling of Wet and Dry Glxiten in Phosphoric 
Acid. 
Wet glizten at 20° C. swells most in phosphoric ccid 
0.07-0.1 IJ, with increafse in tempertsture there is a shift 
to a lower normality, the gluten swelling most in acid 0-04 
iJ. 
Dry gluten at 20° C. in one hour swells iDOst in acid 
0.07-0.1 K, at the end of 12 hours it swells most in tcid 
0.04 IJ. 
At 25° 0. dry gluten swells most in acid 0.07 N regard­
less of time. 
At 30° C. dry gluten swells most in acid 0.1 IT, hut at 
the end of 1£ hours it swells most in acid 0.04 N. 
At 35° C. dry gluten in one hour exhibits maximum 
swelling in scid 0.07 U, while in 12 hours the maximum is in 
Ecid 0.02 U. 
At 40° C. regardless of time maximum swelling occurs in 
acid approximately 0.1 U. 
TABLE X, 
THE pH Airo NOmiALITlES OP PHOSPHORIC ACID HEQUIRSD TO PHODUCS MXILIUii SV/ELLING 
OP GIUTEW AT VARIOUS TIKES AHi TEIMilATURES. 
pHi is initial pH. 
pHg is final pH. 
?.o° n. P.B® n. K0° 0. 35° 0. •
 
c
 
o
 c 
Time 
Hrs. W m-H-i pHp N DHT T)HP N t)Hi tjHO N t)HT -DHO N dHi vHp 
VTOT GLT7TT5TJ 
:0.07 E.BS :0.04 2.15 :0.02 2.37 
1 : to to : to to : to to 
rO.l 1.R7 :0ol 1.R7 :0.07 ?..l 
0.04 2.15 0.04 2.15 
DRY GLTTTRI'T 
1 
0.07 2.02 2.2 
to to to 
0.1 1.R7 p..o:^ 
0.07 2.05 1.8 0.1 1.9 1.96 0.07 2.1 2.05 0.1 1.85 1.9 
2 
0.07 2.22 2.2 
to to to 
0.1 1.R7 2.OB 
0.07 2.05 2.3 0.1 1.96 1.96 0.07 2.1 2.1 
to to to 
0.1 1.R7 l.OB 
0.1 1.85 1.96 
5 
0.04 2.15 2.29 0.07 2.05 2.07 0.04 2.18 2.21 0.04 2.15 2.35 
to to to 
n.l l.fi7 1.95 
0.07 2.1 2.12 
to to to 
n.l 1.R5 1.9R 
8 
0.04 2.15 2.31 0.07 2.05 1.9 0.04 2.15 2.25 
to to to 
0.07 2.1 ?..0 
0.07 2.1 2.13 
to to to 
0.1 l.RE 1.96 
12 
0.04 2.15 2.10 0.07 2.05 2.1 
» 
»  -  -  -  •  - •  
0.02 2.35 2.42 
» 1 1 

Forui E-
Form E-8' 
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B. The Second Class of Acids Those iVhich Exhibit a 
Broad Optimuin. 
(1) Swelling of v/et and drj gluten in Tartaric 
Acid. 
At C-v/et gluten swells most in 0.07 B tartaric 
acid. Dry gluten at this temperature, at one hour, swells 
most in 0.1 1? acid, after IS hours it swells most in acid 
v;hose noimality varies from 0.07-0.1. 
At 26° optimum swelling of wet gluten occurs in 
0.01-0.2 H acid. Dry gluten in one hour swells most in 
0.04-0.2 N acid, v;hile at the end of 12 hours maximum 
swelling occurs in 0.04 K acid. 
At 30° C. optimum sv;elling of wet gluten occurs in 
0.04-0.2 K acid. Dry gluten in one hour exhibits maximum 
swelling in 0.04 H acid, while at the end of 12 hours 
maximum sv/elling occurs in 0.04 Iv acid. 
At 35° G. 0.005-0.2 H acid will produce maxiinuia 
sv/elling of wet gluten. In one hour 0.1-0.2 1 acid will 
produce maximum swelling with dry gluten. In 12 hours 
6.02 K acid will produce maximum swelling. 
At 40*^ C. maximum swelling with wet gluten occurs 
in 0.01-0.2 1 acid. For dry gluten 0.2 I acid will 
produce maximum swelling in one hour^ v/hile in 12 
hours 0.07-0.15 H acid will produce maximum sv/elling* 
•^ith dry gluten it is evident that with increase 
-45-
in time a lower nomality is required to. produce maximum 
swelling and this normality tends to become similar to 
that req.uired to produce maximum swelling with wet gluten. 
Altho the effect of temperature is not very evident, 
one may say that with Increase in temperature a lower 
normality is required to produce maximmn swelling. This 
effect is, however, not very regular. The reason for 
this may be that the solutions when compared as regards 
their normalities are different. When compared from the 
standpoint of pH it is evident that there is only a slight 
difference between the several solutions. 
TABLE XI. 
THE pH AMD FORMALITIES OF TAHTAEIO ACID REQUIRED TO PRODUCE IMXIIOT SWELLII3G 
OF GLUTEN AT VARIOUS TH.TES ArJI* TEIvIPERATUESS. 
pHi is initial pH. 
pHg is final pH. 
?.0° 0» 25° G 
• 
• 
• 
• 
K0° G. 
• 
:* ?;5° G. 40° C 
• 
Time 
Hrs.: ' N DHI pHp pHi 
• 
pHp !• N PHI 
• 
VHP. i N PHI pHp ¥ PHI PHP 
GLUT15N 
1 
0.07 2.4 '0.01 
to 
2.86 
to « 4 
:0.04 
to 
2.81 
to 
0.005 
to 
3.16 
to 
:0.01 
: to 
3.08 
to 
: 0.2 2,8 :Q .2 2.2 0.2 2.20 I 0 o 2 2»29 
mr GLirri??? 
1 
0.1 2.25 2.81 0.04 
to 
0.2 
2.65 
to 
2.25 
2.01 
to 
1.88 
0.04 2.81 E.25 0.1 
to 
0.2 
3 
to 
2.20 
2.07 
to 
2 
0.2 2.29 
0.04 2.58 2.54 0.04 2.65 2.42 0.04 2.81 2.50 0.2 2.2 1.94 0.2 2.29 
2 to 
0.1f> 
to 
2.25 
to 
1.7FI 
to 
0.2 
to to 
2.76 
5 
0.1 2.35 2.3 0.07 
to 
2.46 
to 
2.05 
to 
0.04 2.81 2.33 0.1 
to 
2 .44 
to 
2.26 
to 
0.1 
to 
2.46 
to 
2.36 
to 
0.2 2.25 p.. 05 0.2 P.. P. 2.02 0_.2 2.29 2.01 
0.04 2.58 1.95 0.04: 2.65 2.52 O.Oi- 2.81 2.2S 0.02 2.84 2.2 0.1 2.46 2.13 
8 to to to to to to to to to to to to to to to 
0.10 P..P.5 1.7R 0.07 p. 46 2.24 0.1 2.?^2 2.06 0.2 2.2 2.04 0.2 2.29 1.99 
0.07 2.4 2.3 0.04 2.65 2.25 0.04 2.81 2.3 0.02 2.84 0.07 
12 to 
0,1 
to to to 
Foi-m E-3 
Form E-3 
rvajLH-ff) 
Form E o 
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(2) The S\7ellins of Wet and Dry G-luten in 
Citric Aoid. 
The optim-um concentration of acid required to pro-
I duce maximum swelling of gluten v/ith citric acid, at 
I various times and temperatures is Broad. vTith increasing 
time all except the very dilute concentrations produce 
or try to produce the same amount of swelling. 
With wet gluten maxinrom swelling is produced "by a 
concentration of acid greater than O.OS il. That is citric 
acid of a pH. 3.24-2.5 will produce maxL'aum swelling. 
Altho there is no definite decided optimiua, the per 
cent increase at 0.02 is sli^tly greater with increase 
in temperature than at other concentrations, Altho this 
is not enough to bring about a- decided maximtun, we may 
conclude that temperature has a greater effect upon the' 
sv/elling of v/et gluten in 0.02 K eiliEie acid than it does 
upon the swelling in greater concentrations. 
With diy gluten and citric acid for all the times 
and temperatures studied, the curve is definitely upwards. 
There is no optimum, the gluten sv/elling most in the . 
greatest normal solution. 
Hov/ever, if we note the points of inflection on all 
i 
I the curves. It is apparent that there is a decided shift 
I i from the greater to the smaller normalities. With the 
lo\7er concentrations there is a lag, so that in one hour 
the greatest swelling occurs in the greatest concentration 
> 
of acid.. With tirae, however, the rate increases so that 
at the end of 12 hours the amount of swelling in acid 0,04 
H is nearly as great as that with 0,2 II, We may conclude 
then that given enough time citric acid 0.04 K will produce 
as much aavelling as 0.2 K acid. Or we may say that in 
tii:ie the swelling of dry gluten will be lilce the sv;elling 
of v;et gluten in one hour. Drying under the conditions 
specified has not particularly altered the gluten, "but 
as one would naturally suppose the rate at vzhich the two 
swell is not entirely the sarae. 
TABLE XII, 
THH pH AH]) ITOmiALITIES OF CITRIC ACID HEQUIEHD TO PKODUCE mxniUJ.f SWELLING OF 
GLUTISN AT VAHIOUS TITES AW TSMPIOEATUEES. 
pHi is initial pH. 
pHg is final pH. 
20° C. 25° 0. ! 7.0^ 0. 35° 0. 40° C. 
Time 
Hrs. Tf PHI PH2 N pHi pH?. ; IT pHi pHp. 11 pHi pH2 If _ PHl pH2 
mi* aLHTniw 
:0.07 2.54 ;0.04 2.96 :0.02 3.24 ;0.02 3.24 
. 1 : to to ; to to : to to : to to 
:0.0?. 2.42 :0.2 2.R0 :0.2 2.BO tO.l 9..54 
0.04 3.18 
to to 
0.15 2.54 
DRY GLTIT]5J|sr 
1 
0.07 2 .54 
to to 
0.02 2.42 
0.07 2.64 3.48 
to to to 
0.2 2.50 2.75 
0.15 2.56 2.01 0.2 2.43 3.03 0.2 2.48 
2 
0.07 2.54 2.39 
to to to 
0.15 2.46 2.25 
0.1 2.58 
to to 
0.2 2.5 
0.15 2.56 2 0.3 2.43 1.86 0.07 2.72 2.49 
to to to 
0.2 2.4R 2 
5 
0.1 2.52 2.46 0.07 2.64 2.68 
to to to 
0.2 2.5 1.4 0 
0.07 2.81 2.03 
to to to 
0.2 2.50 2 
0.2 2.43 2.15 0.07 2.72 3.53 
to to to 
O.P. 2.4R 2.14 
8 
0.07 2.54 2.28 
to to to 
0.2 2.42 1.27 
0.04 2.96 2.66 
to to to 
0o2 2.5 1.39 
0.04 3.11 2.18 
to to to 
0.2 2.5 1.96 
0.04 3 3.68 
to, to to 
0.2 2.72 1.98 
12 
0.1 2o52 2.29 
to to to 
0,2 g.4S 3tl4' 
0ol5 2.52 3.37 
to to to 
0.2 2.5 2.25: 
0.04 3.11 2.2 
to to to 
OfS 2.5 3 
0.07 3.70 1.35 
to to to 
0.2 2.43 2.17 
0.2 3.72 3.04 


'SO 
..atiini 
(3) Tlie Sx'/olling of V/et and Drj Gluten in 
lactic Acid, 
I With wet £jluten and lactic acid, as with the other 
I orgaiiic acids the optiinum concentration required to -Dro-
duce muocimum swelling at an^r temperature is broad and 
maybe said to "be about 0,01 Ew 
\7ith dry gluten and lactic acid, at C, the con­
centration reouireo. to produce maxinwia sv/ellin^j is lilce-
v/ise broad, BoooLiing; more so as time increases. But here 
again on studying the ci-U'vea it is noticable that there 
is a decided shift in the points of inflection. At one 
hour the concentration required to produce maxirflum sv/ell-
ing is around 0,1 H at 1£ hours the optimum is above O.OS K, 
At 25° C, at 1, 2 ,  and 5 hours the optiirram concenti'a-
tion is broad O.04-0.S H. At eight and twelve hours however, 
there is a slight cliange, the optirauin concentration becom­
ing more defined 0.07-0.1 II• 
At 35*^ C. the optimum is well defined beiiig 0,1 U 
at all times. Here as at 25^ C., at one and two hours 
the optimum is broader being above 0,2 H, 
o 
At 40 C« although the curves indicate a sharp 
optimism this is not actually the case. At 1, 2, and 
5 hours the optiiaurn is above 0.07 N, while at 8 hours 
there is a decided shift to the lower concentration. 
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Here as xvith. the other acids it is apparent that the 
swelling of dry gluten will be like the swelling of wet 
gluten. 
TABLE XIII. 
THE pH AND WOEIIALITIfiS 01? mOHIO ACID REQUIRlffl TO ?I?ODUCE MAXIMUli S17ELLIUG OP 
GLUTEI! AT VARIOUS TEffiS AKD TSLIPERATUHES. 
pHi is initial pH. 
pHg is final pH. 
p.n° n. p.E^ a. 0. 35° C. o
 o
 
o
 
•
 
Time 
Hrs. W T3Hi T)HP K vEi PHP 11 pHi pHp N PHT PHP N PHT PHP 
V7ET GLUTETT 
:0.02 2.86 :0.02 2.96 
' 1 ; to to : to to 
:0.?. ?..7>4 :0.5> 2..^6 
0.02 2.76 :0.02 2.86 
to to : to to 
rO.2 2.32 :0.2 2.48 
0.2 2.4 
T>T?Y rJTJTTiHlTJ 
1 
0.1 2.45 2.5 0.04 £. 74 2. 62 
to to to 
0.?. P..36 P..45 
0.1 2.48 2.6 0.07 2.7 2.62 
to to to 
0.2 2.48 2.37 
0.1 2.51 2.62 
2 
0.1 2.45 2.63 
to to to 
0.?^ ?..?4 
0.04 2.74 2.82 
to to to 
0 . ? .  2 . A  
0.1 2.48 2.63 0.07 2.7 2.62 
to to to 
0.2 2.48 2.35 
0.1 2.51 2.55 
5 
0.1 2.45 2.46 0.04 2.74 2.86 
to to to 
0.?. 2.4?? 
0.1 2.48 2.55 0.07 2.7 2.60 0.1 2.51 2.60 
8 
0.1 2.45 2.45 
to to to 
0.15 ?.o?^4 ?..???; 
0.1 2.48 2.62 0.02 2.86 2.62 
to to to 
n.2 P..4R 2.25 
0.07 8.62 2.69 
12 
1 
0.07 2.5 2.63 
to to to 
•Q.X5 2tf^4 2,t24 
,0.07 2.54 
to to 
0.1 2.48 2.55 
0.4 2.98 2.8 
Form E' 
Form B-3 
p'unii I'M; 
-b i -
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(4-) Sv/elling of V/et and Dry Gluten in Acetic 
Acid, 
Acetic acid is like the rest of the organic acids 
of this class. The optimura is very broad and in some 
oases the maxiaum has not been reached in the concentrations 
studied. But a coiaparison of the points of inflection of 
the curves shows that as v/ith the other acids, the drj gluten 
tends to approach its maximuta swelling in the same strength 
of solution required by the wet gluten. 
TABLE XIY. 
THE pH Airo NORIvTALITIliS OP AGr.TIC ACID RSCtlJIRlID TO PROl^UCE I'JxXlimR S'.7RLLIUG OF 
GLUTEI! AT VAHIOUS TIFilS Alffi TEMPSHATUHES. 
pHi is initial pH. 
pHg is final pH. 
p n® n. ? ?.F>° 0. 3 0° 0 0. 
• 
: 40° 0. 
Time « • • • 
Hrs.: N loHi T>HP r N pHi PHp N PHT T)EP IT T)H1 PHP : IT PE1 t)HP. 
VfflT 1 1 
0 .01 :0.02 3.16 : 0.02 g.lO 4 4 0.02 3.20 :0.07 2.88 
1 1 « to to : to to to to 1 < to to 
« O.IB 2.74 •0.1 2* 81 0.2 2.64 0.2 2.0 
BRY GLITTRTI 
0.1£ E.72 2.96 0.1 3.81 3.0 0.15 2.78 2.86 0.07 2.88 2.98 
1 No Opt immn to to to to to to to to to 
O.P. 2.fi4 2.76 0.2 2.67 2.87 0.1 2.87 3.06 
0.07 2.88 3.S 0.1 2.81 2.16 0.04 3.0 3.10 0.07 2.88 3.0 
Z ?f I? to to to to to to to to to to to to 
0.?. 2 . 64 2.84 0.2 2.67 2.88 Q.02_ 2 . 64 2.76 0,1 2.87 3.02 
0.07 2.88 2.9 0.1 2.81 S.16 0.15 2.78 2.88 
5 V tt to to to to to to 
0.?. ?..fi4 0.2 2.67 2 . f)2 
0.1 2.84 1.34 0.1 2.81 2.0 0.15 2.78 2.65 0.1 2.87 3.15 
8 1» If to to to to to to 
0.1f> 2.72 2.6R 0,15 2.76 ?!.88 
0.07 2.88 2.88 0.1 2.81 2.88 0.1 2.87 2.9X1 0.04 3.09 3.24 
13 !' to to to to to to 
• :0.2 2.64 •O.tl 2.84 g. 57 
\ 
n/slftr. 
Form E-3 
Fomi E-;i 
(Ysini^ hf^ 
G. Swelling of V/et and "Dry Gluten in Sulfuric Acid. 
The re Emits oii the S';/elling of wet and dry gluten in 
sulfuric 5 as shov/n in taTale 14 and graphs S8, SB, and 30 
are 'irery irregular. The gluten iiViTDilDed so little water 
that the errors hare 1)8001116 so large as to raake it difficult 
to draw any definite conclusions. Frora the data given 
however, one is fairly safe in saying that dry gluten v/ill 
exliil)it the same 3-vind of sv/elling as v;et gluten provided 
it is allowed enourdi tirae. 
TABLE XV. 
THE pH AND irom,IA]:.ITlSS OF STJItPTJRIO ACD) EEQUIRKD FOR MAZILimi SV/ELLIUG OF GLUT2N 
AT V/EIOUS TB^S ANIf TKlTPi^RATURES. 
pH-L is initial pH. 
pHg is final pH. 
• 
! ?.0° 0. 0 * P.s" fi. : ?;o n. 5^6° 0. 4-0® 0. 
'P'f • 
TTr«.; W PHi pHp 
• 
H pHi pKp. K pHi pHp N PHI TOHP N PHI PHS 
xnm aT,T7T7?N 
1 
0.002 3.47 :0.001 2.12 
: to to 
0.002 2.83 :0.012 2.3 :0.004 2.45 
: to to : to to 
:0,01R 2.12 :0.006 P..7,F> 
my GLUTTinT 
1 no Optimum No Optiraiim No Optimtun No Optimum 
0.014 2.04 2.71 
2 It V 
0.006 2.37 2.5 
to to to 
0.002 2.83 3.22 0.006 2.42 3.22 0.01 2.17 2.2 
5 
0.008 2.85 3.0 0.006 2.37 2.62 
to to to 
0.02 1.94 2.06 
0.002 2.83 3.32 0.006 2.42 2.72 
to to to 
O.OOR 2.F.6 2.52 
No Optimum 
8 
0.008 2.85 2.45 0.004 2.55 2.85 
to to to 
0.01 2.16 2.K 
0.004 2.53 2.83 
to to to 
0.004 2.65 2.79 
to to to 
0.00ft 2.36 2.62 
0o004 2o45 2.93 
to to to 
O.OOR 2.15 2.54 
12 
0.004 2.55 2.95 
to to to 
0.006 2.??7 ?,.6.'^  
0.004 2.53 3.0 
to to to 
0.006 2.^5 2.6?; 
0.004 2.65 2.61 0.004 2.45 2.87 
to to to 
O.OOR 2.15 2.35 
24 
0.004 S.l 3.31 
to to to 
0.006 2.96 3.03 
0.004 2»55 2.3 
to to to 
0.006 2.K7 P..P.5 
0.004 2.53 
to to 
0.006 P.7,F> 7^.4. 
0.006 2.42 3.94 
36 
« 
0.004 3.1 3.4 
to to to 
0T006 St9fi 3.9?, 
0.004 2.55 3.57 
to to to 
Of006 ?,T37 3.57 
0.004 2.53 
to to 
0.006 2.42 2.42 
» .  
0.004 2.45 2.63 
Fonn E-S 
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VI SirU.IARY. 
1, A study has been made of the effect of nine 
acids ux'on the swelling of v/et and dry gluten at several 
temperatures. 
The acids studied may be divided into two groups, 
those which exliibit a broad, and those v/hich exliibit a 
rather sharp optimura in the swelling of gluten. 
3. V/et gluten swells very rapidly, while dry gluten 
swells rather slowly. Dry gluten, given enough time, 
will swell most in the concentration of acid causing 
maj^imum swelling of wet gluten. 
4. With increase in time smaller concentrations of 
acid have the same effect on the sv/elling of dry gluten, 
that higher concentrations have in shorter periods of tirae, 
until an ecLuilibrium is reached. 
5. The temperature effect varies with the acid. 
Temperature, except in the case of phosphoric acid, does 
not change the concentration of acid required to produce 
raa-ximum sv/elling after a given time. With phosphoric acid 
a gren.ter concentration of acid is required to produce 
maximuni sv/elling at 40° C than at 20° C. 
6. w i t h  increase in temperat\ire there is a pronounced 
increase in the rate or swelling. 
7. The pH required to produce masiraufii swelling varies 
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v/ith the acids. 
For ISror, it VLiries from S.O—2,G 
o 
" liGL " 1.7—2.45 
" Oxalic Aoid *' •' " " 1.9 —?3.45 
» HgH)^  » " " » ' 1.9-8.27 
'• Tartaric " " ' S.35-3.16 
Citric " " 2.43-3.S4 
" Lactic '' " " " E.4—2.96 
" Acetic " " " " 2..7S-3..50 
VII. GOKCLUSIOHS. 
Rise in temperatm-e increases the rate of swelling 
of the gluten in acid, altho It does not have an appreciable 
effect upon the pH of the aoid required to produce maxiraura 
swelling. 
The sv/elling of wet gluten is very rapid. 
i'he swelling of dry gluten is slovf, "but in time the 
swelling of dry gluten is lilce the sv/elling of wet gluten. 
The dry gluten has not been changed in the process of 
drying. Altho, as other investigations have shown, it does 
not have the same consistency of wet gluten, the swelling 
curve of wet and dry gluten with time are identical. 
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